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INTRODUCTION
and lacks the hypothetical proteins observed in architecture one between gp25 and gp27, 140 and between Tube2 and LysM. Finally, the third architecture defined by P. distasonis D25 141 is the most compact, lacks four hypothetical proteins found in architectures 1 and 2. 142 Additionally, gp27 and gp6 proteins are shorter, and the genes FtsH/ATPase and 143 DUF4157 are inverted. Importantly, all three genetic architectures have genes with 144 significant sequence similarity to MAC, Afp and PVC genes shown previously to produce 145 a functional CIS, including baseplate proteins (gp25, gp27, and gp6), sheath, tube, and 146 FtsH/ATPase (Figure 2B) . Table  BIS genes are present in human gut, mouth, and nose microbiomes. To determine 163 the prevalence and distribution of BIS genes in human microbiomes, we searched 164 shotgun DNA sequencing data from 11,219 microbiomes from the Human Microbiome 165 Project database, taken from several locations on the human body (Consortium et al., 166 2012; Levi et al., 2018) . We sampled these metagenomes for the presence of 18 167 predicted BIS proteins (Table S4 ). Across all HMP metagenomes, 8,320 (74%) showed 168 hits to at least one of the 18 BIS proteins. Hits were distributed across metagenomes from 169 various mucosal tissues, and were more abundant in the gut and in the mouth, where 170 Bacteroidales are found in high abundance (Consortium et al., 2012) . The dataset 171 included stool (1, 851, 99 .6% of total stool metagenomes), oral (4,739, 79.2% of total oral 172 metagenomes), nasal (630, 41.8% of total nasal metagenomes), and vaginal (232, 27.7% 173 of total vaginal metagenomes) samples ( Figure 3A) . 174 175 To determine how often any of the 18 genes co-occurred within the same metagenome 176 sample, we constructed a co-occurrence network. Ten genes appeared together at high 177 frequencies including Sheath1, Sheath2, FtsH/ATPase, baseplate (gp25, gp27, and gp6), 178 LysM, Spike, and two hypothetical proteins ( Figure 3B) . The gene with the highest hit 179 abundance encodes for an ATPase homologous to the Escherichia coli FtsH, known to 180 be involved in cleavage of the lambda prophage repressor, followed by a hypothetical 181 protein, and Sheath1. The other genes, including Tube1, Tube2, Tip, DUF4255 domain-182 containing protein, DUF4157 domain-containing protein, and three hypothetical proteins, 183 were detected together less often within the microbiome samples. (McNulty et al., 2013) . We inspected 59 metatranscriptomes from a previously published 
